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INTRODUCTION 
I t  has been long recogni z ed that gas trointes tinal paras i tes are 
a burden to sheep and other ruminant s .  As early as the turn of the cen­
tury , Ransom (1908 )  reported that stomach worms were such a problem to 
sheep producers that the need for a solut ion was cri t ical . Much 
progres s  has been made in the control of ruminant paras ites , but the 
problems of the pas t  are pre s ent even today . 
Today's agricultural economy is burdened wi th los ses due to 
ruminant internal para s i tes . The Uni ted S tates Department of 
Agricul ture ( 1980)  reported an annual los s  of $98 m illion to the sheep 
indus try due to paras i t ism . They es t imated the 12 . 5  million head popu­
lat ion to be worth $9 75 million, so this means up to a 10 percent los s . 
The y  further divided this los s into 2 cate tories: 1 .  Direc t los s-­
death, illness , decreased weight ga ins , and carcass or organ cond em­
nat ion at the slaughter-house . 2 .  Indirec t loss--decreased feed effi­
ciency, anorexia , delay in at tainment of breeding age , reduced reproduc­
tive efficiency , and increased susceptibility to other diseases . 
The American Asso c i a t ion of Ve terinary Paras itolog i s t s  ( 1983 )  
report ed that nematodes in sheep rep resent an unque s t ionably great pr o­
duc t ion los s, and that the absence of deworming on a rout ine bas i s  would 
hamper modern sheep produc t ion . 
Dunn (19 78 )  s tates tha t tr ichos trongylidosis is the mos t impor­
tant of all diseases af fec t ing the ovine alimentary trac t . These 
trichos trongylid nematodes include Haemonchus contortus, Os ter tag i a  c i r­
cumcincta, o. tri furcata, and Trichos trongylus axei . Haemonchus and 
Ostertagia are especially important because they· damage the abomasal 
mucosa . After ingest ion , the inf e c t ive third stage larva , or L 3 , 
exsheaths and burrows int o  the digest ive gland s ,  and becomes a fourth 
stage larva , or L4 . Ac cord ing to Armour (1974) , 18 to 21 days af ter 
2 
L3 ingestion occurs , the nematode reaches sexual maturity . However , 
whi le in the gastric gland s ,  these L 4 invade the pari e tal , or hydroch­
loric acid (HCl ) secre t ing cel l s , damaging them , and replaci ng them wi th 
non-acid secret ing cel l s .  Thi s  lead s to an increase in abomasal pH , and 
further problems : 1 .  Reduced pepsinogen ac t ivat ion to pepsin . 2 .  
Fai lure to denatur� pro t e ins . 3 .  Lo ss of "bac teriosta t ic ef fec t . "  
Armour ( 1974 ) al so describes the subsequent permeabi l i ty 
increase of the abomasa l  wall to pe psinogen . A lo ss of integri t y  of the 
cell junc t ions in the damaged areas is the route of exi t that can lead 
to elevated plasma pep sinog en level s .  
Dunn ( 1978 ) further points out that as a part of their norma l , 
d irec t li fe cycle , the tricho strongylids use hypobiosis , or "arrested 
larval develo pment " as an evolved survival mechanism .  During period s of 
adverse climate , they merely hal t at the L4 stage to overwint e r  in the 
abomasal gland s .  Accord ing to Armour ( 1974 ) , they resume development in 
the spring and reach se xual maturity within 14 to 17 days . The sudden 
presence of great numbers of mature nematodes is immed iately fo llowed by 
the presence of increased fecal egg counts .  Thi s  phenomenon has 
acquired the name " spring rise . "  
Armour ( 1974 ) has suggested that the " spring rise " may be. analo­
gous to diapause in inse c t s . Diapause is de scribed by Highnam and H ill 
( 1977 ) as be ing under hormonal control , but research in nematodes is 
hampered by anatomical dis s imilar i t ies as compared to ins ec t s . 
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Recent tes t s  for plasma peps inogen levels have been impleme nted 
by researchers such as Armour ( 1974 ) and Thomas and Waller ( 1975) i n  an 
a t t empt to correla te the damage done to the abomasal mucosa by thes e  
nematodes in normal-seasonal , and in long-term arres ted development .  
Another prac t ical applicat ion being pursued is to find a corre la t ion 
between plasma peps inogen level s  and fecal egg count s .  
Campbell , et al. (1983) de scribe the development of a s tr ong new 
ant iparas i t ic compound , Ivermec t in ,  by MSD AGVET d ivis ion of Merck and 
Co . ,  Inc . , Rahway , New J ersey ,  that is ef fect ive agains t these inhibi ted 
L4 tricho s trongylid stages , especially Os ter tagia . This has made the 
compound of great interes t in this study . 
Levamisole HCl , manufac tured by P itman-Moore , Inc . , Washington 
Cro s s ing , New J ersey , was al so used in one tes t  to observe any inc rease 
in rate of weight gain . 
The pr imary obj ec t ives of this research were : 
1 .  An evaluat ion of the advant ages of worming based upon any 
s ignif icant increase s in rat e  of weight gain in two dif fe rent groups of 
lambs under quite dif ferent management cond it ions . 
2 .  The inspec t ion , at the slaughter of random tes t animal s ,  of 
abomasal content s to de termine nematode genera present . 
3. The tes t ing for plasma peps inogen leve ls in blood samples 
according to the method out l ined by Black (1973), and the correla t ion of 
these to fecal egg count s .• 
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4 .  The observa t ion of the " spring rise " phenomenon , and an 
a t tempt to correlate it to various environmental cond i t ions that may be 
related to it . 
REVIEW OF LITERATURE 
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All of the nematodes of the family Tricho s trongylidae have a 
direc t li fe cycle . Ivens , Mark and Levine (1978 ) wri te tha t the egg s  
are pas sed in the feces , and within 2 weeks after hat ching the larvae 
undergo 2 molt s  to progres s from the L1 , or firs t s tage larva , to the 
LJ , or infect ive stage . The L3 is infec t ive when inges ted , but can 
remain inf ec t ive in the so il and vegetat ion for months . After 
inges tion , the larvae exsheath , become L4 , and ent er the gas tr ic pi t s  
f o r  a period o f  " arres ted development " a s  des cribed by Armour ( 1974 ) . 
The L4 then returns to the lumen in a few weeks , goes through 2 mor e  
molts , becomes sexually mature , and the female begins to lay her egg s .  
Haemonchus contor tus 
Haemonchus is ref e rred to by many common names: the large s tomach 
worm , barberpole worm , twi s t ed stomach worm , and the wireworm . Hones s  
and Winter ( 19 5 6 ) point out that many of its names are de rived from the 
fac t that the female has whi t e  ovaries spirally wound around the 
s traight red int e s t ine , g iving a barberpole appearance . 
These tr icho s trongylids are blood suckers , and according to 
Corwin and Brauer (1984 ) , the early L4 invades the mucosal lining of  the 
abomasum . Miller (1974 ) calls them "the mos t des tr�ct ive Sout h Dakota 
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sheep paras i te . "  Thi s , he wri t es , is  due to the· fac t  that the female 
can lay up to 6 000 eggs da ily , and a heavily infes ted animal can yield 
up to 3 million eggs in a single day . 
Even though the y can be a proli fic paras ite , Malone (1983 ) 
des cribes the pre-infect ive la rvae , L1 and Lz ,  and the egg s  as be ing 
sus cep t ible to adverse wea ther cond i t ions . Dunn ( 1978 ) wri tes tha t the 
Haemonchus eggshell is more pe rmeable to water than any of the other 
trichos trongylid s ,  and will de s iccate fas t er in dry condi t ions than its 
close relat ives . Thi s  means tha t only the L3 s tage of Haemonchus is 
resi s tant . Tricho s trongylus , on the other hand , has two res is tant 
s tages: L1 in the egg and L3 . 
Conversely , Dunn ( 1978 )  wr i tes that Haemonchus egg s can be ex tre­
mely succes s ful on wet pas ture s , and that the mos t highly inf ec t ed areas 
appear to be the mid-wes t and south-wes t in the u.s. 
Dunn ( 1978) also wri t es that Haemonchus can go hypobio t ic to a 
grea t er ex tent than any of the other tr icho s trongylids , and tend s to do 
so earlier than does Os ter t agi a . He de s cribe s hypobiosis , or "arres ted 
development , "  as an evolved mechanism fo r use by spec ies tha t are not 
well adapted to dra s t ic climat ic changes . He also di spels the not ion 
that the "spring rise " is caused solely by decreased res is tance as so­
ciated with par turit ion . It is al so due to the great number of 
tricho s trongylids coming out of " arre s t ed development . " 
Structural Fea tures 
As previously stated, the female of Haemonchus is pr imarily 
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dis tinguishable by her whi t e  ovaries that wind around her red intes t ine 
in barberpole fashion . Ano ther di s t inguis hing feature of the female , 
accord ing to Whi t lock ( 1960 ) , is a large vulvar flap located anterior to 
the anus . Morgan and Hawkins ( 1949 ) wri te that the female is 18 to 30 
mm long , 500 microns wide , and has a sharply pointed tail . 
They des cr ibe the male as be ing smaller at 10 to 20 mm long and 
400 microns wide . I t  has a smal l buccal cavity containing a dorsal lan­
cet , or "blood tooth . "  I t  al so has two large , spine-like cervical 
papi llae , and two barbed spicule s 300 to 600 microns long , each having a 
bal l  t ip . The mos t. out s tand ing fea ture Dunn ( 1978 ) de scribes is the 
prominent bursa , and upon microscopic examina tion , the asymme trica l ly 
placed bi furcat e  dorsal ray . 
Egg Features 
Trichos t rongylid egg iden t i f icat ion is dif f icult due to morpholo­
gical similari t ies among the genera . Ivens , Mark and Levine ( 1978 ) 
wri te that all egg s  are el lipso idal and smooth , have 8 to 32 cells when 
passed in the feces , and are 80 to 100 by 40 to 50 micrometers . 
Thienpont , Roche t t e , and Vanpari j s  ( 1979 ) de scr ibe Haemonchus egg s  as 
being more regular , wi th flat tened , wide poles . 
Georgi ( 1969 )  concurs wi th the di f f iculty of egg ident i f icat ion: 
"Excep t for Nema tod i rus and Marshallagia , the generic identity of ind i­
vidual strongyle egg s cannot be rel iably es tablished by micros copic 
inspect ion or by mic rometry . " 
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Ostertagia circumcinc ta and o. t r ifurcat a  
The common name f o r  the s e  tricho s trongylids are the med ium or 
brown stomach worm . Corwin and B rauer ( 1984 ) wri te that the y  al so 
damage the gas tric muco s a , caus ing mucosal hyper t rophy , giving it the 
look of "Morocco leather. " Dunn ( 1978 ) s tates that their prevalence in 
the northern hemisphere is be tween 7 and 12 to 1 in favor of o. circum-
cinct a  over o. t ri furcata. He al so says that Os tertagia has been the 
cent er of intens ive s tudy in recent years . Armour ( 1974) and Thomas 
( 1975 ) have used them in the ir research to evalua te the ir rela t ionship 
t o  plasma peps inogen levels in inf ec t ed ruminant s . 
Chi e j ina and C legg ( 1978 ) have analyz ed the epidemiology of 
os tertagias is in calves , and say this about the weather's role : 
In tho se years wi th unusually dr y summers the incidence 
of the disease dif fers fr om the usual pa t tern . In such years 
the herbage inf e c t ion is low dur ing the summer but very high 
in la te autumn and winter when the faecal pat s ,  which ac t as 
reservoirs of the infect ive larvae during the dry period , 
dis integrate wi t h  ons e t  of wet wea ther , releas ing large numbe rs 
o f  larvae . 
S truc tural Features 
Dunn ( 19 78) de scr ibes Os tertagia as small , slender worms , wi th a 
reddi sh-brown color . They have no buccal capsule , but both sexes do 
have a tiny pair of cervical papillae. The male is 7 to 9 mm long, 
while the female is larger at 8 to 12 mm. The male spicule s have 3 
dis t inguishable branches, and the terminal portion of the main branch 
forms the spicule body. Morgan and Hawkins ( 1949 ) de scribe the male 
bursa as becoming 3 t imes the wid th of the body when it is spread out . 
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Dunn (1978 ) describes the female vulvar flap as being unique to 
different Os tertagia spe c i es , and therefore a key to correc t  iden­
t ificat ion . The tip of the tai l can have 5 or 6 ring s , which is where 
o. c ircumcincta der ived its name . Morgan and Hawkins (1949 ) wri te that 
the eggs measure 85 to 103 microns in leng th and 44 to 5 6  microns in 
width , with the 2 s ides of the egg shel l  being curved . Thienpon t , 
Roche t te , and Vanparijs (1979) cal l  them a regular ellipse , symme tr ical , 
with narrow poles . They al s o  de scribe them as being le s s  rounded than 
Haemonchus eggs . 
Trichos trongylus axe i  
Tr ichos trongylus i·s ref erred b y  Ivens , Mark and Levine (1978 ) a s  
the brown stomach worm . They al so wri t e  that due t o  its smaller s i z e  
versus Haemonchus , i t  is les s  pa thogenic when present in equal numbe rs . 
Corwin and Brauer (1984 ) s ta t e  that the adults can consume mucosal 
t issue fluids . 
S tructural Fea tures 
Dunn (1978 )  de s cribes the adults as small and hair-like . The 
males vary from 5 . 5 to 7 mm long and the female s are 6 to 8 mm long . 
They have no obv ious buccal capsule when viewed microscopical l y ,  and the 
bursa has a "ventra-ventral ray" se t apar t  from the others . The females 
are small ,  have double ovi j ec tors , and lack access ory structures i� the 
head and vulvar reg ions . Morgan and Hawkins (1949 ) de scribe the spicu­
les as diss imilar and the ovi jec tors as less  well developed as compared 
to other gene ra . 
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Egg Features 
Thienpont , Roche t te , and Vanpari j s  (1979) call the egg s  medium­
s i zed . They are about 86 to 40 mic rons , and are an irregular elli p se . 
Thei r  poles are narrow , one being more rounded than the other , and one 
s ide wall is fla t t ened . 
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Hypobiosis , Spring R is e , and Diapause 
Campbell et al . ( 1983 ) de scribe hypobio t ic larvae--L4--as impor­
tant pathogens that are res is tant to mos t antiparas i t ic compound s ,  one 
except ion being the new compound I vermect in by Merck and Co . Thomas and 
Waller ( 1975) refer to the emergence of Ostertagia as cons t i tu t ing "Type 
II" os tertag iasis;  this they cont ras t wi th "Type I "  os t ert agias is , where 
the animals af fected are merely inges t ing infect ive larvae from the 
pas ture . Thes e  infec t ive larvae , according to Anderson et al . ( 196 5 )  
are inges ted in la te autumn , and may stay dormant in the gas tric pi t s  of 
the abomasum for up to 6 months . The y also wri te that the mechanis m  of 
the autumn-inhib i t ion rela t ionship is not ful_ly unders tood or ag reed 
upon . 
Armour ( 1974 ) de f ines the " seasonal inhibition" of tr ichos trongy­
lids as a form of evolved diapause , and it allows them to survive 
adverse clima t ic cond i t ions , especially low tempera tures . Highnam and 
Hill ( 1977) de fine diapause as " a  s tate of arres ted development . " They 
write  that in insects  it  may occur in the egg , larvae , or adult stage s , 
but usually only one diapaus e  occurs in the li fe-cycle . In ins ec t s  it 
is charac teri zed by decreased me taboli sm , excess fa t stores , and 
res is tance to cold and de s ic ca t ion . They further de scribe 2 type s of 
diapause: 1 .  Obligatory--occurr ing at a specific time regardle ss of 
environmental cond i t ions . 2 .  Facula t ive-forced upon the organi sm by the 
presence of environmental cond i t ions . They describe the mechanism for 
diapause in pos t-embryonic insect s as a temporary halt in ac t iv i ty 
wi thin certain areas of the endocrine sys tem , which ·control gr owtp and 
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development . Hickman et al . ( 19 79 ) s ta te: 
Diapause always occurs at the end of an ac t ive growth s t age 
of the molt ing cycle so tha t , when the diapause pe riod is over , 
the inse c t  is ready for anot her molt . 
Highnam and Hill (1977)  de s cr ibe nematodes as di f f icult to work 
wi th exper imentally ,  but state tha t their endocrine sys tems may al so be 
involved in diapause . In nematodes , they conclude , molting is similar 
to that in arthropod s as proven experimentally by inducing nematode 
molting wi th insect  ho rmones .  
Anderson et al . ( 19 6 5 )  de scribe the damage done by hypobiot ic 
larvae as  leading to  the replacement of  ac t ive parietal cells wi th 
mucous-type epi thelium . Further damage can lead to ep i theli al cell 
sloughing with the format ion of " thumb-print " lesions . 
Dunn ( 1978 )  uses the term "peri-parturient rise "  when referring 
t o  the increase in worm egg numbers in ewe feces in the spring . He 
relates this  to a decrease in res i s tance to paras i tes during lambing 
s eason , but also to the t ime of year: spr ing weather's arrival coin-
c ides wi th lambing . Whatever these environmental st imuli--i f indeed 
they are fac tors--they ap pear to arouse inh ibi ted L4 trichos trongylid 
larvae to resume their deve lo pment and to ini tiate egg product ion in the 
spring . 
I t  mus t be rea l i z ed that the removal of inhibited larvae fr om the 
affected animal will not neces sarily el iminate the worm burden . 
Johns tone ( 1985 ) wri tes that if animals are kept on the same pas ture 
following treatment, they will be reexposed to infect ive larvae , and 
that paras ite control prog rams tha t ignore this are "doomed to failure . "  
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P lasma P epsinogen 
Undoubted ly, the mos t interes t ing aspect of thi s  ent ire s tudy was. 
the attempt to correlat e  increased plasma peps inogen levels wit h  ac t ual 
L4 burdens in wintering tes t animal s, based on fecal egg count s .  
S tudies in humans have been carried out for many years tha t  obs e rve uro-
pepsinogen level s  in gas tr ic ulcer pat ient s, as outlined by Edward s, 
Jepson, and Wood ( 196 0 ) . A more accurate me thod de tailed by the s e  same 
authors for de t ermining pep s inogen level s  in the body was the introduc-
tion of plasma pepsinogen values, taken from venous blood . They 
recorded plasma pepsinogen leve l s  as the amount of tyros ine released 
from a 1 ml sample of plasma tha t had been incubated at 37°C for 24 
hours . Harvey-White and Al len ( 1982 )  des cribe the proces s as 
the acid act ivat ion of peps inogen to pepsin fo llowed by 
measurement of the amount of tyros ine uni ts released during the 
pepsin diges t ion of hemoglobin subs tra te, or of serum pro t e i ns . 
Harvey-White et al . ( 1983 ) f eel that the L4 emergence from the 
gas tric mucosa causes elevated peps inogen levels . This is in addi t ion 
to damaged parietal cel ls. as ci ted earlier . Regardless, peps inogen, the 
precursor of the dige s t ive enzyme pepsin, mus t  come in contac t wi th an 
acid environment in order to be converted into the ac t ive pro t eolyt ic 
enzyme state: Pepsin . Vander, Sherman, and Luciano ( 1980 ) de scribe this  
as occurring via the aci d  breaking of f a smal l fragment from the pep-
s inogen molecule, caus ing the pr o tein to change its shape and expos e  the 
active site . Pep s in then spli t s  specific pep t ide bond s, a step crucial 
to normal prot ein met abo lism . 
Plasma peps inogen values are expres sed in milliuni ts (mu) of 
414154 
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tyrosine released, as exp la ined by Thomas and Waller ( 1975 ) ,  and are 
cons idered to be a prac t ical guide to abomasal damage . Levels of worm­
free lamb s in one tes t ci t ed by the s e  authors varied from 175 to 350 mu, 
wi th a high of 2600 mu . Selman, Armour, and Jennings ( 1977 ) corro­
borate this by report ing that their res earch in Great Bri tain ind ica ted 
levels above 3000 mu in ca t tle were ind icat ive of signif icant burdens 
wi th Os tertagia . 
All res earchers are not in to tal agreement as to the conf idence 
of the plasma peps inogen tes t . Thomas and Waller ( 1975 ) p ointed out the 
results of a tes t which showed a good relat ionship between eleva t ed 
plasma peps inogen leve l s, and Type I I  o s ter t�giasis in cat tle, and 
contras ted it wi th anot he r  tes t where there was no correla t ion be tween 
feca l  egg counts and pepsinogen levels . They further wri te that the 
correla t ion between plasma pep s inogen levels and recent larval int ake, 
as  is common in Type I o s tertagias i s, is more correc t . 
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Ivermect in 
Campbell et al . ( 1983 )  de s cribe I vermect in as one member of a 
newly di scovered class of drugs: the avermec t ins . They were di scovered 
in the fermentat ion bro t h  of an ac t inomycete culture, obtained from the 
Ki tasato I ns t i tute of Japan . The ac t inomycete of origin is cal led 
S treptomyces avermil i t i s, and is qui te unique in morphology as compared 
to other S treptomyces species . Chemically, Ivermect in, a macrocyclic  
lact one, is  a 22, 23 dihydro de riva t ive of  avermectin B1• 
The authors go on to de scribe the ant iparas i t ic ef ficacy as broad 
spec t rum agains t 2 major animal paras i t e  phyla: Nema thelminthes and 
Arthropoda . It appears to be inac t ive againsx the phylum 
Platyhelminthes, due to the la t ter having neurophysiological di f fer en­
ces . Nematodes covered inc lude the superfamilies Tr ichos trongyloidea, 
S trongyloidea, Metas trongyloidea, Rhabdi toidea, Ascaridoidea, 
Oxyuroidea, Spiruroidea, Filaroidea, and Trichuroidea . I t  is al so 
extremely ef fect ive at lower than normal doses as compared to cont em­
porary ant iparas i t ic compound s . 
The authors further de scr ibe the mode of act ion as blocking 
s ignal transmiss ion betwe en interneurons to exci tatory mo torneurons . 
The neurot ransmi t t er GABA (gamma-amino-butyric-acid),  the subs tance 
blocked, is normally used by nematodes and arthropod s for this purpose . 
GABA funct ions to regula te chloride ion channels in crus tucean musc�es, 
so they feel the mode of ac t ion in nema todes and arthropods may be s imi­
lar . In mammals, they conclude, GABA is found only in the central ner­
vous sys tem, pro tec t ed by the blood-brain barrier, so doses of 40X 
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normal are required in cat t le to produce toxici ty and death . 
The I vermect in used in this s tudy was under the trade name, 
"Ivomec, " and is a 1% solut ion manufac tured by MSD AGVET, Divis ion of 
Merck & Co., Inc . ,  Rahway, New J ersey . The package insert cont inues 
t ha t  it is in a 40% glycerol formal wi th propylene glyco l, q . s .  ad 100% . 
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Fecal Egg Counting 
A vas t majority of the time spent on this s tudy was in the 
labora tory running fecal egg count procedures .  This has continued to be 
the convent ional method for quali t a t ive and quanti tative measurements  of 
gas t ro�int e s tinal para s i t e  numbers . A modification of the Wiscons in 
procedure was ut ilized whi ch use s  sugar flotat ion as outlined by Todd . 
The real key to this procedure is the preparat ion of the sugar so lution 
wi th a specific gravity of 1 . 27 as outlined by Sloss  ( 19 70) . She writ es 
that this " Sheathe r "  solut ion will float 100s t  of the egg s  of commonly 
observed paras i te s  • .  
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METHODS 
The firs t group of lambs was an intens ively managed flock on 
continuous dry-lot in the D epart ment of Animal and Range S cience, South 
Dakota S tate Univers ity, Brooking s, SD. The flock was served by a 
Suffolk ram for cro ss-bred lamb s . The breeding ewes were in three 
groups: Finnish Targhee, Suffolk-Targhee, and straight Targhee . 
Thirty ram and 30 ewe feeder lamb s were randomly separa t ed into 
t hree groups of 10 each and treated as follows: 
Rams: 







The dosage for I vomec, the trade-name for the Merck and Co . 
compound, was 1 ml per 50 kg bod y  weight as directed by label direc­
t ions, g iven subcutaneously . The dosage for Levasole, the trade-name 
for the P itman-Moore compound, was 2 ml per 100 lb body weight as 
direct ed by label direc t ions, al so given subcutaneous ly • . The needles 
were 20 ga X 1 in . 
Tes t No . I began on June 15, 1984, and terminated on July 18, 
1984. All animals were wei ghed and fecal samples taken at the beg inning 
and end of the tes t. See Table 1 for individual details on Te s t  No . r. 
On July 23, 1984, a total of 15 ram lambs, 5 from each tes t group, were 
s laughtered at the Meat Sc ience D epartment, South Dakota �tate 
Universi ty• Each se t of viscera was laid out on a working table; and 
the ear tag removed from each animal and laid on the res pec t ive gut pile 
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t o  hel p  ensure proper ident i f icat ion . The abomasum was located and 
removed from the res t  of the viscera by excis ing it wi th surgical 
scis sors at the junc ture of the duodenum and of the omasum . Care was 
t aken to not empty any of the abomasal contents until  a 12 x 16 x 1 inch 
deep plas t ic tray was placed underneath . The abomasum was then cut open 
laterally, turned ins ide out,  and washed out thoroughly wi th water to 
help flush any larvae or adult nematodes into the collect ing tray . 
Extra water was added to the tray when necessary to suspend the nemato­
des, and the result ing supernatant carefully poured off . The nematodes, 
when found, were removed wit h  a fine-pointed forceps, and placed in a 
g lycerin-alcohol storing and clear ing so lut ion. Each animal's nematodes 
were separately s tored for la ter identi f icat ion . 
Fecal samples from the tes t were taken back to the lab and egg 
count s pe rformed via the Sheather flotat ion me thod as out lined by A. 
C .  Todd, Univers i ty of Wiscons in . A 2 gm fecal sample from each tes t 
animal was double centri fuged--the second time in a 1 .27 speci f ic gra­
vity sugar solut ion--and egg s  col lected on a 22 mm square cove rglass fo r 
viewing under the microscope. 
The second group of lambs was a minimal-management flock of mixed 
breed ( Wes tern Whi teface ) kept on pas ture by the Veterinary Sci ence 
D epartment, South Dakota S tate Universi ty. Sheep had been kep t  on this 
pas ture cont inuous ly for many years, so it was well se eded wi th nematode 
eggs and larvae . 
Forty-seven lamb s from thi s group were weaned and randoml y 
s eparated into two gr oups: hal f  were treated wi th Ivermec t in and the 
o the r hal f were controls� All animals ran toge ther throughout the tes t. 
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M idway through the tes t, half of the treat ed animals were re treated wi th 
I vermec tin . This was done wi th the decision to continue the tes t for a · 
longer period than previousl y  intended . 
Thi s  tes t  began on July 2 ,  1984 and terminated on Oc t obe r 26, 
1984 . On September 4, 1984, the fir s t  weighback was performed, and the 
dec i s ion to continue the tes t made . On S eptember 25, 1984, all animals  
were reweighed, and hal f  of  t he tr ea ted animals were randomly chosen to 
receive a second inject ion of I vermect in . Table 2 outlines the ind ivi­
dual de tails of Tes t  No . II. Fecal samples were taken on all 3 dat es . 
On October 30, 1984., a to tal of 15 lambs were slaughtered: 5 had bee n  
trea t ed twice, 5 had been treat ed once, and the ot her 5 head had been 
controls for the ent ire tes t . The viscera from each animal was explored 
as  described in the firs t tes t and nematodes recovered . 
The third aspe c t  of this study began on January 23, 1985, and 
t erminat ed on May 13, 1985 . Blood samples were drawn at weekly inte r­
val s  from the jugular vein of  6 animal s :  2 bred ewes that were the dams 
of the lamb s in Tes t N o . II,  2 bred lambs that had received one inj ec­
t ion wi th I vermec t in in the second tes t, and 2 bred lambs tha t had been 
control animals in the second test . Serum was recovered by ce ntr i­
fuging and was frozen for la ter lab work . 
The work on the serum samples normally was resumed wit hin 5 days. 
S erum samples were thawed out and mixed wi th HCl to ac t ivat e  the pe.p­
s inogen to pepsin . Samples were incuba ted at 37°C for 3 hours, along 
wi t h  one pooled sample that had tr ichlorace tic  acid (TCA) added to stop 
any diges t ion of plasma proteins from occurring. All samples were then 
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removed from the incubator, TCA was added to all·remaining samples, and 
they were all centri fuged at 3000 rpm for 10 minutes. The superna t ant 
was withdrawn and respun at 3000 r pm for 10 minut es to remove any 
further precipitated proteins. NaOH and Folin-ciocalteau reagent were 
added and allowed to reac t for at leas t 3 minutes, and the absorbance 
was read at 560 nm--vis ible spec trum--on a spec tropho tometer . The 
absorbance values were applied to a mathema tical formula to de t ermine 
milliuni ts (mu ) o f  tyros ine released by diges t ion of plasma pro t eins by 
peps in. Table 3 outlines the plasma peps inogen data . 
Fecal sampl�s were taken concurrently wi th the blood sample s 
every week, and examined as previously outlined. The worm egg counts 
are also reflec ted in Table 3 .  
The final as pec t  of thi s  s tudy was the correlat ion of clima t ic 
da ta obtained from the Agricultural Engineering Department, South D ako t a  
S tate Univers i ty, with various fac tors o f  the study. Rainfall for the 
period April 1, 1984, through Oc tober 1 ,  1984, and temperature highs and 
lows for the pe r iod January 23 , 1985, through May 13 , 19 85, were 
obtained. Tables 4 and 5 outline this da ta. 
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RESULTS 
Nematodes Collec ted 
Tes t No . I yielded no abomasal parasites, not even in the cont rol 
animal s .  This is rare, and a tribute to the care these animals 
received . 
Tes t  No . II was a vas t ly di f ferent story . Unlike the lambs in 
t he firs t  tes t, these animals were on pas ture ins tead of con t inuous dry­
l o t . We pos i t ively ident i f ied Haemonchus contortus, but found no other 
genera present. Table 3 summarizes the relat ive amount of burden to 
each animal, which shows li t t le variation among the 3 groups . Thi s  
neces s i tates statis t ical applica t ions to give a true pic ture o f  the 
advantages of worming. Reinfe c t ion on pas ture appears to be a rap id 
phenomenen . 
The rainfall received in the spring of 1984 was around 5 inches 
above normal in Brooking s County, and may have contributed to the 
thr iving of Haemonchus as exp lained earlier . 
Egg s  Observed 
Tes t  No . I recovered a mere 2 eggs; this tend s to agree wi th the 
observed absence of abomasal para s i t es .  
Tes t No . I I  gave a wide variety o f  nematode egg s . The 
tricho s trongylid egg s  were not pos i t ively ident if ied, owing to previous ly 
s ta ted di f f icult ies, but the re were many other genera present including 
Nematodirus, Strongylo ides, and Moniezia, the latter not be ing a nema­
tode . 
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S tatis tical Applications 
Tes t No . I showed no significant rate of weight ga in for any of 
the groups at the 0 . 05 level . 
Tes t No . II showed signif icant rate of gain increases for the 
s econd hal f  of the s tudy, fol lowing the second inj ection of Ivermect in, 
and in the animals that had received one injection only, at the end of 
t he s tudy . This was al so at the 0 . 05 level . 
Tes t No . III was anal yzed to try to find a relationship between 
f eca l  egg numbers and mil liuni t s  of tyrosine . A linear regres s ion model 
failed to show a si�nificant regres sion in this tes t . This conf irms the 
idea tha t plasma pepsinogen leve l s  are caused by a so urce othe r than 
mature nematodes, and is more likely related to abomasal damage .  
Environmental Factors 
The " spring rise " was obs erved in the third tes t on May 1 .  The 
average tempera ture, however, had stayed above freezing s tart ing on 
April 10, and the las t  freezing tempe rature was on Apr il 26 . Thi s 
lat ter bi t of information may be of consequence, but more · mus t  be 
unders tood about the mechanisms of resumed larval development in the 
spring. 
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Table 1 .  Amount of wei ght gained in 33 days by lambs ut ilized in 
Test N o . I .  
Female 
Lamb I ni tial Final 
No . Weight We ight Gain Trea tment 
275 77 lb . 105 lb . 28 lb . I vomec1 
136 91 114 23 Levaso le2 
098 85 104 19 Cont rol 
239 80 98  18 Control 
160 87 105 18 Leva so le 
19 2 81 100 19 Ivomec 
126 84 94 10 Ivomec 
199 86 105 19 Leva so le 
175 97 116 19 Ivomec 
194 80 106 26 Control 
074 86 105 19 Levasole 
150 95 110 15 Control 
232 90 111 21 Ivomec 
255 85 10 5 20 Ivomec 
093 92 114 22 Levaso le 
137 88 103 15 Control 
176 77 100 23 Levaso le 
235 94 114 20 Control 
09 6 91 111 20 Ivomec 
140 94 102 8 Control 
161 90 110 20 Levasole 
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Table 1 .  ( cont inued ) 
Lamb Init ia l  Final 
No . Weight Weight Gain Treatment 
082 95 lb . 116 lb . 21 lb . Ivomec 
084 92 105 13 Ivomec 
172 95 118 23 Levasole 
178 96  116 20 Leva s o le 
046 86 100 14 Ivomec 
045 85 100 15 Leva s o le 
258 87 111 24 Contro l 
222 85 105 20 Contro l 
067 98 119 21 Cont r o l  
Averages: 87 . 8  106 . 3  18 . 5  Ivomec 
88 . 5  107 . 7  19 . 2  Levaso le 
88 . 6  107 . 2  18 . 6  Contr o l  
Males 
050 84 115 31 Ivomec 
181 97 123 26 Contro l 
110 90 115 25 Levas o le 
057 87 117 30 Ivomec 
217 85 115 30 Levas o le 
102 105 138 33 Ivomec 
270 94 125 31 Contr o l  
111 90 115 25 Lev as o le 
135 95 131 36 Cont r o l  
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Table 1 .  ( continued) 
L amb I ni t ial F inal 
No . Weight We ight Gain Treatment 
202 85 lb . 116 lb . 31 lb . Ivomec 
282 94 127 33 Leva sole 
179 95 124 29 Control 
272 83 120 37 Cont r o l  
100 95 125 30 Levasole 
223 95 128 33 Ivomec 
070 93. 120 27 Ivomec 
252 99  129 30 Leva sole 
124 94 123 29 Control 
170 93 120 27 Ivomec 
162 89 121 32 Levasole 
197 84 121 37 Control 
231 80 96  16 Levaso le 
076 98 130 32 Ivomec 
133 87 120 33 Control 
169 94 120 26 Ivomec 
209 94 117 23 Levasole 
125 93 125 32 Control 
155 95 115 20 Control 
142 96  125 29 Levaso le 
230 76 9 6  20 Ivomec 




Ini t ial 
Weight 
91 . 0  lb . 
91 .2 
91 . 7  
F inal 
We ight 
120 . 0  lb . 
118 . 5  
122 . 7  
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Gain Treatment 
29 . 0  lb . Ivomec 
27 . 3  Levasole 
31 . 0  Cont r o l  
1Ivomec i s  the registered trademark for I ve rmect in b y  Merck and C o . ,  
I nc . ,  Rahway, New J ersey . 
2Levasole is the reg i s t ered trademark for L evanisole by P itman-Moore, 
Washington Cross ing, New J ersey . 
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Table 2 .  Amount o f  weight gained by lambs ut ilized in Tes t No . II . 
7/2 9/25 ( Gain)  
7/2 9/4 9/25 10/26 Tes t  Tes t  Wt Wt Wt 
No . Sex Wt 1 Wt 2 Wt 3 Wt 4 1 2 4-3 4-1 3-1 
01 F 38 lb . 46 lb . 6 4  l b . 80 lb . + 16 lb . 42 lb . 26 lbs . 
02 F 38 48 58 . 5  73 14 . 5  35 20 . 5  
03 F 43 . 5  60  75 88 . 5  + + 13 . 5  45 31 . 5  
04 M 31 (died 7/21/84 ) 
05 F 44 62 70 . 5  85 14 . 5  41 26 . 5  
06 M 34 . 5  54 . 5  70 . 5  94 + + 23 . 5  59 . 5  36 
07 M 41 "62 71 . 5  87 . 5  16 46 . 5  30 . 5  
08 F 50 . 5  63 78 92 + 14 41 . 5  27 . 5  
09 M 59 82 97 98 1 39 38 
10 F 51 . 5  72 86 . 5  91 . 5  + + 5 40 35 
11 ( t ag not used ) 
12 M 49 64 78 100 + + 22 51 29 
13 F 44 71 . 5  89 103 + 14 59 45 
14 F 46 . 5  63 . 5  80 97 . 5  + + 17 . 5  51 33 . 5  
15 F 57 81 . 5  91 107 + 16 50 34 
16 M 62 85 100 116 + 16 54 38 
17 M 48 68 89 . 5  107 + + 17 . 5  59 41 . 5  
18 F 37 . 5  58 . 5  71 85 + + 14 47 . 5  33 . 5  
19 F 32 . 5  40 53 . 5  63 + 9 . 5 30 . 5  21 
20 F 51 6 4  76 92 . 5  + 16 . 5  41 . 5  25 
21 M 52 . 5  80 . 5  97 104 . 5  + 7 . 5  52 44 . 5  
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Table 2 .  ( continued ) 
7/2 9/25 ( Gain)  
7/2 9/4 9/25 10/26 Test Test Wt Wt Wt 
No . Sex Wt 1 Wt 2 W t  3 Wt 4 1 2 4-3 4-1 3-1 
22 F 46 . 5  64 . 5  85 . 5  89 + + 3 . 5 42 . 5  39 
23 M 42 . 5  61 83 101 + + 18 58 . 5  40 . 5  
24 M 56 71 89 . 5  105 + + 15 . 5  49 33 . 5  
25 F 59 . 5  82 93 107 14 47 . 5  33 . 5  
26 F 51 77 90 102 . 5  + 12 . 5  51 . 5  39 
27 F 43 52 . 5  ·68 . 5  84 + 15 . 5  41 25 . 5  
28 F 45 66 83 . 5  --1 38 . 5  
29 F 41 42 · ( died 9 /26/84 ) 
30 F 44 66 80 . 5  97 + 16 .5  53 36 . 5  
31 F 48 . 5  78 9 2  110 + 18 61 . 5  43 . 5  
32 F 55 69 . 5  85 99 . 5  14 . 5  44 . 5  30 
33 F 43 63 75 . 5  90 . 5  + + 15 47 . 5  32 . 5  
34 F 45 65 . 5  77 97 . 5  + 20 . 5  52 . 5  32 
35 F 47 62 76 92 . 5  16 . 5  45 . 5  29 
36 M 51 67 83 . 5  100 16 .5  49 32 . 5  
37 F 57 70 . 5  82 95 . 5  13 . 5  38 . 5  25 
38 M 49 67 78 . 5  99 20 . 5  so 29 . 5  
39 F 48 . 5  61 77 . 5  92 14 . 5  43 . 5  29 
40 M 58 . 5  84 100 . 5  114 . 5  14 56 42 
41 F 35 40 48 60 . 5  12 . 5  25 . 5  13 
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Table 2 .  (cont inued) 
7/2 9/25 ( Gain) 
7/2 9/4 9/25 10/26 Tes t  Tes t Wt Wt Wt 
No. Sex Wt 1 Wt 2 Wt 3 Wt 4 1 2 4-3 4-1 3-1 
42 F 43 52 . 5  65 81 . 5  16.5 38 . 5  22 
43 F 46 53 62 76 1 4  30 16 
44 M 34 52 . 5  63 69 . 5  6.5 35 . 5  29 
45 M 50 55 70 90 20 40 20 
46 M 51 . 5  67 82.5 99 16;.5 47.5 31 
47 F 37 44 60.5 74 13.5 37 23 . 5  
48 M 55 75 91 105 14 50 36 
1Lamb 28 was not used in the second tes t . 
Key : + = Received an injec t ion of I vermect in . 
- = A control animal . 
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Table 3. S ummary of plasma peps i nogen values and fecal egg count s in 
Tes t No. III .  
Trichostrongylid 
Date Ewe No. mu tyros ine eggs per gm 
1/23 64 n/a1 n/a 
1 04 o2 n/a 
405 240 21 
415 320 39 
426 n/a n/a 
436 80 18 
1/30 6 0 4 
10 0 39 
40 120 0 
41 280 43 
42 180 2 
43 1 40 8 
2/6 6 40 1 
10 600 39 
40 460 0 
41 340 8 
42 320 2 
43 260 12 
2/20 6 20 2 
1 0  0 31 
40 200 2 
41 60 1 3  
42 980 0 
43 1 40 1 
2/27 6 1 40 2 
1 0  1 60 15 
40 320 0 
41 220 68 
42 460 15 
43 320 16 
3/13 6 60 15 
1 0  0 4 
40 160 9 
41 980 163 
42 1640 3 
43 1920 46 
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Table 3 .  (Continued ) 
Trichos trongyli d 
Date Ewe No . mu tyros ine eggs per gm 
3/20 6 20 0 
1 0  80 0 
40 240 2 
41 340 1 
42 320 1 
43 180 0 
3/27 6 40 6 
1 0  120 24 
40 200 2 
41  120 106 
42 320 0 
43 200 31 
4/3 6 26 0 0 
1 0  1300 0 
40 440 8 
41 560 79 
42 420 3 
43 280 10 
4/1 7  6 40 12 
10 260 22 
40 160 77 
41 320 30 
42 160 7 
43 16 0 10 
5/1 6 n/a 340 
10 n/a 141 
40 n/a 12 
41 n/a 305 
42 n/a 71 
43 n/a 158 
Table 3 .  (Con t inued ) 
Tricho s trongylid 
Dat e  Ewe No. mu tyros ine e ggs per gm 
5/13 6 200 6003 
1 0  220 6003 
40 220 213 
41 340 71 
42 400 69 
43 340 56 
1 values were not available . 
2value s that calcula ted to le s s  than 0 were report ed as 0 .  
3E s timated . 
4These were ewes . 
5These were control ewe-lamb s .  
6These ewe-lambs had received one inj ec t ion . 
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Table 4 .  Rainfall dat a  for the period April 1, 1984, through Oc tober 1, 
1984, as compared to a 30-year average: 1951-1980 : Brooking s  -
County 
Mon th 1984 1951-1980 Dif ference 
April 3 . 38 in 2 . 02 in +1 . 36 in 
May 3 . 06 3 . 06 0 
June 8 . 48 4 . 41 +4 . 07 
July 2 . 17 2 . 85 -0 . 68 
Augus t 1 . 64 3 .15 -1 . 51 
Sep tember 1 . 83 1 . 95 -0 . 12 
Totals 20 . 56 17 . 44 +3 . 12 
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Table 5 .  Temperature highs, lows ,  and means for the period January 23 , 
1985, through May 13, 1985 
Tempera ture °F Temperature °F Temperature °F 
Max Min Mean Max Min Mean Max Min Mean 
Jan Mar Apr 
23 20 5 12 . 5  1 54 30 42 . 0  7 45 26 35 . 5  
24 28 14 21 . 0  2 45 21 33 . 0  8 46 20 33. . 0  
25 31 -13 9 . 0  3 26 16 21 . 0  9 41 21 31 . 0  
26 10 -11 - 0 . 5  4 21 2 11 . 5  10 59 28 43 . 5  
27 27 9 18 . 0  5 31 11 21 . 0  11 67 45 56 . 0  
28 17 -14 1 . 5  6 38 13 25 . 5  12 74 43 58 . 5  
29 17 -10 3 . 5  7 38 19 28 . 5  13 72 36 54 . 0  
30 24 -15 4 . 5  8 35 18 26 . 5  14 38 33 35 . 5  
31 -11 -22 -16 . 5  9 37 19 28 . 0  15 67 32 49 . 5  
10 43 19 31 . 0  16 71 40 55 . 5  
Feb 11 46 30 38 .o 17 64 41 52 . 5  
1 - 2 -21 -11 . 5  12 38 20 29 . 0  18 87 40 63 . 5  
2 - 4 -23 -13 . 5  13. 38 21 29 . 5  19 90 54 72 . 0  
3 9 -23 - 7 .o 14 38 23 30 . 5  20 82 53 67 . 5  
4 1 -17 - 8 . 0  15 40 30 35 . 0  21 69 43 56 . 0  
5 3 -12 - 4 . 5  16 53 27 40 . 0  22 80 49 64 . 5  
6 7 -18 - 5 . 5  17 42 26 34 . 0  23 54 45 49 . 5  
7 0 -19 - 9 . 5  18 50 31 40 . 5  24 54 33 43 . 5  
8 8 - 8 0 19 54 29 41 . 5  25 60 34 47 .o 
9 20 10 15 . 0  20 54 30 42 . 0  26 57 32 44 . 5  
10 23 3 13 . 0  21 56 34 45 . 0  27 45 33 39 . 0  
11 10 -15 - 2 . 5  22 59 33 46 . 0  28 61 35 48 .o 
12 12 -14 - 1 . 0  23 52 31 41 . 5  29 69 46 57 . 5  
13 19 0 9 . 5  24 46 32 39 .o 30 74 54 64 . 0  
14 17 - 2 7 . 5  25 37 33 35 . 0  
15 18 - 1 8 . 5  26 52 40 46 . 0  May 
16 34 7 20 . 5  27 61 30 45 . 5  1 66 40 53 . 0  
17 35 12 23 . 5  28 45 32 38 . 5  2 66 36 51 . 0  
18 39 18 28 . 5  29 54 27 40 . 5  3 74 45 59 . 5  
19 30 11 20 . 5  30 31 27 29 .o 4 77 58 67 . 5  
20 40 25 32 . 5  31 32 27 29 .5  5 80 42 61.0 
21 49 30 39 . 5  6 70 37 53 . 5  
22 35 23 29 . 0  Apr 7 73 41 57 . 0  
23 45 28 36 . 5  1 40 25 32 . 5  8 69 40 54 . 5  
24 33 24 28 . 5  2 50 29 39 . 5  9 82 43 62 . 5  
25 40 25 32 . 5  3 63 29 46 . 0  10 86 62 74 . 0  
26 50 17 33 . 5  4 52 33 42 . 5· 11 83 59 71 . 0  
27 24 16 20 . 0  5 47 29 38 . 0  12 79 51 65 . 0  
28 44 -24 34 . 0  6 42 24 33 . 0  13 65 37 51 . 0  
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Table 6 .  Nematode burde ns of slaughtered lambs · in Tes t No . II 
Treatment Lamb Number Burden 
I vomec-Ivomec 3 ** 
10 0 
12 * * * *  
14  * * *  
22 0 
Ivomec-Control 8 * 
13 ** 
20 **** 
30 * * *  
34 * * ** 





Key : 0 None 
* Very Light -- les s  than 10 . 
* *  Light 
*** Heavy 
**** V ery Heavy -- > 1000 . 
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SUMMARY 
Sheep can become heavily infe c t ed with internal paras i t es . The 
nema tode family Trichos trongylida e  is one such group, found primarily in 
the abomasum . 
Tradi tional methods for de tect ing internal paras i tes ut ili z es the 
fecal egg count, but this method tend s to lose its accuracy when the 
L4--fourth stage larvae-- go "hypobio t ic "  in the fall . This phenomenon 
may be similar to diapause in ins ec t s . 
The plasma pepsinogen tes t is used to de tect abomasal damage, and 
some researchers are tes t ing its  value as a diagnos tic tool to pred ic t 
relat ive number of nematode paras i tes in a "hypobiot i c "  s tate . We found 
no stat is tical rela tionship be tween trichos trongylid egg numbers and 
plasma peps inogen levels in bred lambs and bred ewes . 
We did observe the " spring rise " which is when the nematode para­
s i tes show a signif icant increase in fecal egg numbers, occurring near 
lambing time . 
We al so observed a signi f icant increase in the rate of gain of 
lamb s on pas ture when inj ec t ed wi th I vermec t in, a new ant ipara s i t ic com­
pound tha t eliminates L4 from abomasal gland s . A similar , but short er 
tes t on dry-lot lambs showed no signif icant increase in rate of ga in 
utiliz ing Ivermec t in or wi th anot her compound, Levamisole . 
The only tr ichos t r ongylid po s i t ively identif ied was Haemonchus 
contor tus, and it is fel t  that the ir solo presence and grea t numbers 
were due to the unusually we t spr ing encountered in 1984 . 
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